Introduction {#s1}
============

High level of low density lipoprotein cholesterol (LDL) is a well-established risk factor for increased cardiovascular morbidity and mortality. Lowering of LDL levels with pharmacotherapeutic agents leads to a significant reduction in cardiovascular events. However, even after lowering LDL levels to currently recommended targets; patients still remain at a substantial residual cardiovascular risk [@pone.0094585-Lim1]. Further, low levels of high density lipoprotein (HDL) cholesterol (defined as \<40 mg/dl in men and \<50 mg/dl in women) have been identified as another critical risk factor for cardiovascular events independent of plasma LDL levels. As early as 1976, the Framingham heart study [@pone.0094585-Gordon1] showed an association between low HDL levels and increased cardiovascular mortality. This was supported by a large number of prospective epidemiological studies conducted thereafter. It has been shown that for every 1 mg/dl rise in HDL- cholesterol, the risk of developing cardiovascular diseases decreases by 2--3% [@pone.0094585-Gordon2]--[@pone.0094585-Toth1].

Though regular exercise and moderate alcohol consumption which are reported to be atheroprotective, do increase HDL levels; this increase is modest [@pone.0094585-Blazek1], [@pone.0094585-DeOliveira1]. Among drugs statins, fibrates and niacin raise HDL-C to the extent of about 5--10%, 10--20% and 30--40% respectively [@pone.0094585-Mahley1]. Statins are prescribed both for primary and secondary prevention of IHD, but the beneficial effects cannot be segregated to be accomplished by a decrease in LDL or an increase in HDL levels. Regular exercise is an integral component of lifestyle modification advised for primary and secondary prevention. Alcohol consumption on a chronic basis cannot be a part of the recommendations because of its ancillary effects. Therefore, intense research efforts have been devoted to develop therapeutic agents to primarily raise HDL-C with the therapeutic intent of covering the residual cardiovascular risk. Most important agents among these are the Cholesteryl ester transfer protein (CETP) Inhibitors (eg. anacetrapib, evacetrapib) which raise the plasma HDL levels to the extent of about 72--138% and some are currently in advanced stages of clinical development [@pone.0094585-Shinkai1]. But the recent failure of AIM-HIGH trial, CETP inhibitors (torcetrapib, dalcetrapib) in large phase III clinical trials have put a question mark on the clinical utility of therapies aimed at raising HDL [@pone.0094585-Barter2], [@pone.0094585-Boden1], [@pone.0094585-Schwartz1]. To find an answer to whether therapies raising HDL cholesterol (including niacin, fibrates and CETP inhibitors) confers cardiovascular benefit or not in patients with a history of cardiovascular disease, we conducted a systematic review and metanalysis. We performed a meta-analysis of all published RCTs which used HDL raising therapeutic agents (niacin, fibrates and CETP inhibitors) as monotherapy or co-administered with statins versus standard lipid lowering therapy in patients at high cardiovascular risk. Effects on mortality and other cardiovascular outcomes were evaluated. We also intended to further determine if this change was proportional to the percentage change in HDL levels for which we conducted a meta-regression analysis.

Materials and Methods {#s2}
=====================

Data sources, search strategy, and selection criteria {#s2a}
-----------------------------------------------------

Randomized controlled trials using at least one of the HDL raising therapies for secondary prevention of adverse cardiovascular events over optimal LDL levels were eligible for inclusion in our meta-analysis. The search was limited to English-language literature only. Relevant trials were identified with the following procedure:

1.  **Electronic searches.** We searched the electronic databases Pubmed (File S1), EmBase, Ovid and the Cochrane Central Register of Controlled Trials for articles to a time limit of August 2013, using "niacin", "clofibrate", "fenofibrate", "gemfibrozil", "bezafibrate", "CETP inhibitors", "torcetrapib", "dalcetrapib", "evacetrapib", "anacetrapib", "cardiovascular disease" and "randomized controlled trial" as the search terms. All reference lists from reports on non-randomized controlled trials were searched manually for additional eligible studies.

2.  **Other sources.** In addition, we searched for ongoing randomized controlled trials, which had been registered as completed but not yet published, in the Meta Register of Controlled Trials. Medical subject headings and methods, patient population, and intervention were used to identify relevant trials. This review was conducted and reported according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) Statement issued in 2009 [@pone.0094585-Moher1].

The literature search was undertaken independently by two authors (H.K, N.C) with a standardized approach, and any disagreement between these 2 authors was settled by a third author (N.K) until a consensus was reached. Only those randomized clinical trials were included in the study in which patients with a history of cardiovascular disease received at least one of the HDL raising agents for prevention of cardiovascular events.

Inclusion/Exclusion criteria {#s2b}
----------------------------

Only those randomized clinical trials were included in the study in which patients with a history of cardiovascular disease received at least one of the HDL raising agents for prevention of cardiovascular events. The control arm should have had an intervention which would permit appropriate attribution of the results to HDL targeting drug. The included participants should have had LDL levels not warranting drug therapy or were lowered to the current optimum by use of statins.

Exclusion criteria were the following:

i.  Studies not reporting cardiovascular events as an outcome,

ii. Primary prevention trials,

iii. Studies where a combination of HDL raising drugs was used,

iv. Studies where LDL levels were not considered/mentioned in the inclusion criteria.

Data extraction {#s2c}
---------------

Data extraction forms were used to obtain the following information: characteristics of study participants, number of participants, type of intervention (dose, duration), randomization, blinding, study outcomes and duration of follow-up. The data were extracted independently by two investigators and compiled by a third investigator. Differences in data extraction were resolved by consensus, referring back to the original article.

For trials in which data were not expressed in desired format for pooling, such information was extracted from data given in the published report. An attempt was made to obtain the data from authors if this could not be carried out.

Study outcomes {#s2d}
--------------

The primary endpoint for our study was total mortality (death due to any cause). Secondary outcomes included cardiovascular mortality, non-fatal myocardial infarction, hospitalization for unstable angina, coronary revascularization and ischaemic stroke.

For all evaluated variables, subgroup analysis was undertaken as per the class of HDL raising agents. Meta-regression was done to see the effect of percentage change in HDL levels and its impact on hard cardiovascular end points.

Assessment of Study Quality {#s2e}
---------------------------

The quality of included RCTs was assessed based on Cochrane handbook of systematic reviews, by recording seven items of bias risk: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data addressed, free of selective reporting, and free of other bias. Each of the seven items is scored as "low risk," "unclear risk," or "high risk."

Data Analysis {#s2f}
-------------

Quantitative variables were expressed as mean ± S.D, while qualitative variables were expressed as n (%). Authors were contacted if some data was missing or not in the form to be pooled. The data from various studies were pooled and expressed as odds ratio (OR) with 95% confidence interval (CI). The separate forest plots were constructed for pooled study outcomes. Pooling of data was planned if two or more studies had used the same outcome and expressed the data in the format to enable pooling. To avoid potential clinical heterogeneity we formed homogeneous groups of studies according to class of HDL raising agents and used these as subcategories. Statistical heterogeneity was assessed with chi square test and the magnitude of heterogeneity was assessed with I^2^ statistics. I^2^≥50% was considered to be representative of high heterogeneity. Sensitivity analysis was performed by excluding the high risk studies from analysis. The data were pooled by random effect model in case of significant heterogeneity otherwise fixed effect model was used. The meta-analysis was performed by Review Manager (REVMAN) software, version 5.2 (The Cochrane Collaboration, Denmark). Publication bias was assessed by visual inspection of the inverted funnel plot.

For meta-regression, percentage HDL change was calculated in both control and treatment group and expressed as odds ratio (OR) with 95% confidence limit. Separate meta-regression plots were generated to assess the impact of percentage change in HDL over cardiovascular outcomes. Random effect analysis was preferred to overcome any possibility of residual heterogeneity. Meta-regression was performed by MetaAnalyst 3.1 beta.

Results {#s3}
=======

Description of included studies {#s3a}
-------------------------------

831 hits were obtained after combining search of all selected databases. After excluding duplicate articles, thorough screening of titles & abstracts and searching of cross-references; 30 studies were found suitable for full text search. Out of these, 12 studies were considered for data extraction and quality assessment [@pone.0094585-Barter2]--[@pone.0094585-Taylor1]. Other studies were excluded for following reasons: 9 studies did not fulfil the inclusion criteria, in 7 studies, outcomes were not relevant, one study did not have active control and from one study data could not be retrieved for analysis. ([Figure 1](#pone-0094585-g001){ref-type="fig"}) The included studies (n = 12) involved evaluation of 17,106 patients with CETP inhibitors, 1796 with niacin and 7956 with fibrates. The follow up period ranged from 1 year to 6.2 years. Characteristics of included studies are presented in ([Table S1](#pone.0094585.s001){ref-type="supplementary-material"}). The included studies involved 3 types of HDL raising agents (Niacin  = 2, Fibrates  = 5, CETP Inhibitor  = 5). HDL raising agents were used as monotherapy in 6 studies, while in another 6 these were co-administered with statins.

![Study flow diagram.](pone.0094585.g001){#pone-0094585-g001}

Quality assessment results {#s3b}
--------------------------

According to quality assessment based on Cochrane handbook, we found that the studies largely had low or medium risk of bias except the study conducted by Faire et al, which had risk due to bias arising from allocation and blinding [@pone.0094585-deFaire1]. Irrespective of high risk study; sensitivity analysis revealed that this had no major influence on outcomes of analysis. The risk of bias graph and summary of included studies is given in [Figure 2](#pone-0094585-g002){ref-type="fig"} and [Figure 3](#pone-0094585-g003){ref-type="fig"}. From the funnel plot, the presence of publication bias could not be ruled out. ([Figure 4](#pone-0094585-g004){ref-type="fig"}).

![Risk of bias graph.](pone.0094585.g002){#pone-0094585-g002}

![Risk of bias summary.](pone.0094585.g003){#pone-0094585-g003}

![Funnel plot of primary endpoint (total mortality).](pone.0094585.g004){#pone-0094585-g004}

Primary Endpoint {#s3c}
----------------

### 1. *Total Mortality (Death due to any cause)* {#s3c1}

Twelve studies, including 53,721 participants were included in this analysis. No statistical heterogeneity was observed between studies. There was no significant difference in incidence of total mortality between treatment group and control group (Pooled OR 1.07; 95% CI 0.98--1.16, p = 0.15). In subgroup analysis no significant difference was observed with any class of drugs. ([Figure 5](#pone-0094585-g005){ref-type="fig"}).

![Total mortality in HDL targeted therapies versus control group using pooled odds ratio.](pone.0094585.g005){#pone-0094585-g005}

Secondary Endpoints {#s3d}
-------------------

### 1. *Cardiovascular Disease Mortality* {#s3d1}

Eleven studies were included for this analysis. There was no significant difference in incidence of cardiovascular disease mortality between treatment group and control group (Pooled OR 0.99; 95% CI 0.89--1.11, p = 0.93). None of the subgroups indicated any significant difference in the outcome. ([Figure 6](#pone-0094585-g006){ref-type="fig"}).

![Cardiovascular disease mortality in HDL targeted therapies versus control group using pooled odds ratio.](pone.0094585.g006){#pone-0094585-g006}

### 2. *Hospitalization for Unstable Angina* {#s3d2}

Seven studies were included in this outcome. There was no significant difference between the treatment group and control group (Pooled OR 1.08; 95% CI 0.89--1.31, p = 0.44). No significant difference was found with any of the subgroups. ([Figure 7](#pone-0094585-g007){ref-type="fig"}).

![Hospitalizations for unstable angina in HDL targeted therapies versus control group using pooled odds ratio.](pone.0094585.g007){#pone-0094585-g007}

### 3. *Nonfatal myocardial infarction* {#s3d3}

Ten studies were included for this analysis. No significant difference was found in the incidence of non-fatal myocardial infarction between control and treatment group (Pooled OR 0.93; 95% CI 0.86--1.02, p = 0.11). Subgroup analysis, however, favoured fibrates for this outcome (Pooled OR 0.79; 95% CI 0.69--0.90, p = 0.0003). ([Figure 8](#pone-0094585-g008){ref-type="fig"}).

![Non-fatal myocardial infarction in HDL targeted therapies versus control group using pooled odds ratio.](pone.0094585.g008){#pone-0094585-g008}

### 4. *Coronary revascularization* {#s3d4}

Eight studies were included for this analysis. There was no significant difference in the incidence of total mortality between treatment group and control group (Pooled OR 0.93; 95% CI 0.77--1.12, p = 0.44). However, on subgroup analysis, significant difference was found favouring treatment group in Fibrate treated subjects (Pooled OR 0.85; 95% CI 0.72--1.00, p = 0.05). Two studies, Boden 2011 and Luscher 2012, showed no difference between the placebo group and the treatment group. In a study conducted by Boden 2011, 167 patients had coronary or cerebral revascularization in the treatment group as compared to 168 in the control group while in study by Luscher 2012, 9 had coronary and non-coronary revascularization in the treatment group and 7 in the control group. These studies were not pooled in the analysis because combined data were given for coronary revascularization with cerebral revascularizations and non-coronary revascularizations. ([Figure 9](#pone-0094585-g009){ref-type="fig"}).

![Coronary revascularisation in HDL targeted therapies versus control group using pooled odds ratio.](pone.0094585.g009){#pone-0094585-g009}

### 5. *Ischemic stroke* {#s3d5}

Six studies were included in this analysis. The pooled OR for ischemic stroke was (Pooled OR 1.00; 95% CI 0.78--1.30, p = 0.97) which shows no statistically significant difference between control and treatment group. In subgroup analysis, significant difference was found between two groups favouring treatment group in fibrate treated subjects (Pooled OR 0.79; 95% CI 0.69--0.92, p = 0.002). One study, Taylor 2004, could not be pooled because the author had not mentioned whether the stroke was ischemic or hemorrhagic. ([Figure 10](#pone-0094585-g010){ref-type="fig"}).

![Ischaemic stroke in HDL targeted therapies versus control group using pooled odds ratio.](pone.0094585.g010){#pone-0094585-g010}

Sensitivity analysis {#s3e}
--------------------

Sensitivity analysis of primary endpoint revealed no significant difference in incidence of total mortality between control and treatment group (Pooled OR 1.07; 95% CI 0.96--1.19, p = 0.21), therefore nullifying the impact of excluded study on primary analysis.

Correlation of percentage change in HDL with cardiovascular outcome {#s3f}
-------------------------------------------------------------------

In the 13 trials included in the primary analysis, reporting outcome data for total mortality, only 6 were found suitable for random-effect meta-regression analysis as they provided a baseline and post treatment measures of HDL [@pone.0094585-Barter2], [@pone.0094585-Boden1], [@pone.0094585-Cannon1], [@pone.0094585-Keech1], [@pone.0094585-Nissen1], [@pone.0094585-Taylor1]. No significant association was found between the percentage change in HDL and the odds ratio for total mortality (B = 0.004, p = 0.345). ([Figure 11](#pone-0094585-g011){ref-type="fig"}) 6 studies reported outcome data for cardiovascular mortality thus included for random-effect meta-regression analysis [@pone.0094585-Barter2], [@pone.0094585-Boden1], [@pone.0094585-Cannon1], [@pone.0094585-Keech1], [@pone.0094585-Nissen1], [@pone.0094585-Schwartz1]. ([Figure 12](#pone-0094585-g012){ref-type="fig"}) For the above studies no significant correlation was found between the percentage change in HDL and cardiovascular mortality (B = 0.011, p = 0.43). The Meta - regression analysis included only 5 studies for non-fatal myocardial infarction [@pone.0094585-Barter2], [@pone.0094585-Boden1], [@pone.0094585-Cannon1], [@pone.0094585-Keech1], [@pone.0094585-Nissen1]. ([Figure 13](#pone-0094585-g013){ref-type="fig"}) Similar absence of correlation was noted for this outcome as well (B = −0.002, p = 0.54).

![Total morality with percentage change in HDL.](pone.0094585.g011){#pone-0094585-g011}

![Cardiovascular mortality with percentage change in HDL.](pone.0094585.g012){#pone-0094585-g012}

![Non-fatal myocardial infarction with percentage change in HDL.](pone.0094585.g013){#pone-0094585-g013}

Adverse Events {#s3g}
--------------

Adverse events could not be pooled for analysis as the included studies defined and reported these differently. Among the CETP inhibitors, however hypertension was the most important adverse event associated with torcetrapib use as compared to the control arm (18.7% vs 7.5%; p = 0.001) [@pone.0094585-Barter2]. Such adverse events were not significantly associated with other CETP inhibitors i.e. dalcetrapib and anacetrapib [@pone.0094585-Cannon1], [@pone.0094585-Luscher1]. Use of niacin led to significantly higher number of discontinuation of study drug and need of dose reductions as compared to the control arm due to higher incidences of skin flushing or itching (341 vs 436; p = 0.001) [@pone.0094585-Barter2]. Among fibrates, use of fenofibrate was found to be associated with higher risk of pancreatitis (23 vs 40; p = 0.031), pulmonary embolism (32 vs 53; p = 0.022) and deep vein thrombosis (48 vs 67; p = 0.074), [@pone.0094585-deFaire1] while gemfibrozil led to significantly higher number of complaints of dyspepsia as compared to control arm (34% vs 40%; p = 0.002) [@pone.0094585-Rubins1].

Discussion {#s4}
==========

A number of epidemiological and experimental studies showed a consistent inverse relationship between the HDL and adverse cardiovascular outcomes [@pone.0094585-Gordon2]--[@pone.0094585-Toth1]. Since then, a number of clinical trials have been conducted with HDL raising therapies to manage the residual cardiovascular risk that remains beyond the optimal statin therapy. However, the clinical trial results were conflicting to each other e.g. the Coronary Drug Project supported that niacin can reduce adverse cardiovascular events including mortality [@pone.0094585-Birjmohun1], whereas the AIM-HIGH trial was prematurely terminated on grounds of futility and concerns regarding increased risk of stroke with niacin [@pone.0094585-Boden1]. Similar results were seen with a novel class of HDL raising therapies i.e. CETP inhibitors, two of which (Torcetrapib and Dalcetrapib), not only failed to reduce cardiovascular risk, but on the other hand, increased cardiovascular morbidity and mortality [@pone.0094585-Barter2], [@pone.0094585-Schwartz1]. These contrary and conflicting results from large clinical trials have raised a debate on how good is good cholesterol.

The present meta-analysis is important and relevant as it answers that whether increasing HDL levels (surrogate marker) through varied pharmacological interventions, actually translate into some clinically beneficial outcome for the patient or not (true endpoint) based on the currently available evidence. Previous reviews too addressed this question [@pone.0094585-Wright1]--[@pone.0094585-Li1]. These were either only narrative reviews [@pone.0094585-Wright1] or addressed different research questions like analysing the lipid modifying effects of different classes of HDL raising therapies separately [@pone.0094585-Birjmohun1], [@pone.0094585-Li1] and also did not assess the effect of such change on hard cardiovascular endpoints which are more relevant for the clinician to make informed decisions for improving individual patient care [@pone.0094585-Li1].

In our study, we found no statistically significant difference on primary endpoint of all cause mortality in the control group versus the intervention group. Similar results were found in subgroup analysis for different classes of HDL raising agents versus the total mortality. For secondary outcomes, including cardiovascular mortality, hospitalization for unstable angina, non-fatal MI, coronary revascularisation and ischemic stroke; we found no significant differences between the two groups. However, subgroup analysis revealed that use of fibrates is associated with significantly lower incidence of non- fatal MI, coronary revascularisation and ischaemic stroke. The benefits of fibrates could be due to the additional benefit of fibrates in triglycerides. This could be a possibly because two of the included studies were exclusively in diabetic patients [@pone.0094585-Keech1], [@pone.0094585-Steiner1]. On the other hand, CETP inhibitors besides failing to demonstrate any benefit were associated with increased incidence of hospitalization due to unstable angina. The reasons for such an observation could be an increase in the incidence of hypertension and electrolyte imbalance that were reported in the torcetrapib group previously [@pone.0094585-Barter2]. Similarly dalcetrapib was also reported to increase median C reactive protein levels to an extent of 18%, which might indicate a pro-inflammatory treatment effect in itself [@pone.0094585-Schwartz1]. It has been suggested that inhibition of CETP might generate HDL particles that are either non-functional or proatherogenic. Another possibility is that HDL particles are protective in healthy individuals, but their composition is altered in individuals with cardiovascular disease in such a way that they remain no more productive at high levels or after therapeutic intervention [@pone.0094585-Schwartz1].

There was possible heterogeneity in the combined estimate of cardiovascular outcomes due to some pre-specified subgroups of different classes of HDL raising agents. Although more appropriate information was obtained by the use of random effect model wherever statistical heterogeneity existed. Our sensitivity analysis, done by removing one study [@pone.0094585-deFaire1] demonstrated no difference on cardiovascular outcomes, hence making the findings of primary analysis more robust. Included studies in the present analysis were conducted between the time span of fifteen years from 1996 to 2012, and the importance of HDL cholesterol as a significant risk factor has been considered during this period. While the NCEP ATP II guidelines recommended HDL cholesterol level of \<35 mg/dL as major and independent risk factor of coronary heart disease, ATP III recommends raising categorically low HDL cholesterol to \<40 mg/dL.

Regarding adverse effect profile, CETP inhibitors were always a focus of concern due to possibility of their other off-target effects or per-se adverse effects of CETP inhibition. Torcetrapib was mainly associated with increased systolic blood pressure, but the differences were not statistically significant. Its specific molecular structure could be responsible for BP elevation along with CETP inhibition, as similar effects were not observed with other molecules of same class such as dalcetrapib and anacetrapib [@pone.0094585-Forrest1]. Study using niacin revealed higher number of discontinuation of study drug and need of dose reduction in treatment group. Amongst reason for discontinuation flushing, itching, increased glucose level and gastrointestinal symptoms were found significant. Although fenofibrate and gemfibrozil were generally well tolerated and appeared safe in included studies, it is important to monitor their long term safety profiles. Apart from pancreatitis, which is already reported with fenofibrate, small excess of venous thromboembolic events were observed in one of the included study [@pone.0094585-Keech1].

In our exploratory meta-regression analysis, we found no significant association between the percentage rise in HDL levels and a reduction in adverse cardiovascular outcomes. Thus, we conclude that increasing HDL levels via pharmacological manipulation over and above optimal lipid therapy with statins is not beneficial in terms of reducing adverse cardiovascular outcomes. Large numbers of trials are recommended for meta-regression to be scientifically useful [@pone.0094585-Thompson1]. This may hence be considered as a limitation of our study. Results from ongoing large phase III trials of anacetrapib and evacetrapib are still awaited. How the results of these trials would alter the current evidence base needs to be seen in the future.

Though not evaluated in our study some explanations exist for the lack of association of increase in HDL and cardiovascular outcomes. It has been noted that functionality and change in HDL sub-fractions may be more important determinants of cardiovascular risk [@pone.0094585-Pirillo1]. Analysis of the same was not the objective of our study. However, this may be undertaken as more evidence appears for the same.
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